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TORQUE CONVERTER WITH RIVET
CONNECTED STACKED PLATES FOR A
LOCK-UP CLUTCH

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a divisional of the U.S. application Ser.

No. 17/205,200 filed Mar. 18, 2021, the entire disclosure of
which 1s incorporated by reference herein.

TECHNICAL FIELD

The present disclosure relates to a torque converter with
rivet connected stacked plates for a lock-up clutch.

BACKGROUND

Known torque converters use welds to non-rotatably
connect plates forming pressure chambers. Welding opera-
tions can result 1n splatter residue 1n the torque converter,
which degrades the durability and service life of the torque
converter. Welded plates forming pressure chambers for
known torque converters must be shaped to create channels
between welds for fluid transfer. The shaping increases the
cost and complexity of fabricating the plates.

SUMMARY

According to aspects illustrated herein, there 1s provided
a torque converter, icluding: a cover arranged to receive
torque; an 1mpeller including an 1mpeller shell fixed to the
cover, and at least one impeller blade fixed to the impeller
shell; a turbine including a turbine shell, and at least one
turbine blade fixed to the turbine shell; a stator including at
least one stator blade axially disposed between the impeller
shell and the turbine shell; and a lock-up clutch including a
piston plate, a first plate, a second plate axially disposed
between the cover and the first plate, and a rivet non-
rotatably connecting the first plate to the second plate, the
rivet being a component distinct from the first plate and the
second plate. The cover and the piston plate define at least
a portion of a first pressure chamber. The first plate and the
second plate define at least a portion of a second pressure
chamber. The first pressure chamber and the second pressure
chamber are arranged to recerve and expel a fluid to axially
displace the piston plate to open and close the lock-up
clutch.

According to aspects illustrated herein, there 1s provided
a torque converter, including: a cover arranged to receive
torque; an 1mpeller including an 1mpeller shell fixed to the
cover, and at least one impeller blade fixed to the impeller
shell; a turbine including a turbine shell, and at least one
turbine blade fixed to the turbine shell; a stator including at
least one stator blade axially disposed between the impeller
shell and the turbine shell; and a lock-up clutch including a
piston plate, a first plate, a second plate axially disposed
between the cover and the first plate, and a rivet non-
rotatably connecting the first plate to the second plate, the
rivet being integral to one of the first plate and the second
plate. The cover and the piston plate define, at least in part,
a first pressure chamber. The piston plate and the first plate
define, at least 1n part, a second pressure chamber. The rivet
does not define a through-bore open to the first pressure
chamber.

According to aspects illustrated herein, there 1s provided
a method of operating a torque converter including a cover,
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2

an impeller shell, a turbine shell, an output element arranged
to non-rotatably connect to a transmission mnput shatt, and a
lock-up clutch including a piston plate, a first plate, a second
plate free of contact with the first plate, and a rnivet non-
rotatably connecting the first plate and the second plate, the
rivet being a component distinct from the first plate and the
second plate. The method includes: 1n a lock-up mode of the
torque converter: receirving, with the cover, a rotational
torque, transmitting the rotational torque to the output ele-
ment via the lock-up clutch, and flowing a first pressurized
fluid through a first pressure chamber defined at least 1n part
by the second plate and the cover; to transition to a torque
converter mode of the torque converter: flowing a second
pressurized flud into a second pressure chamber at least
partly defined by the cover and the piston plate, flowing,
between the second plate and the first plate, a third pressur-
ized fluid out of a third pressure chamber at least partly
defined by the first plate, the second plate, and the piston
plate, displacing, with the second pressurized fluid, the
piston plate 1 a first axial direction parallel to an axis of
rotation of the torque converter, opening the lock-up clutch,
and transmitting the torque to the output element via the
impeller and the turbine; and to transition to the lock-up
mode of the torque converter: tlowing the second pressur-

ized fluid out of the second pressure chamber, flowing,
between the first plate and the second plate, the third
pressurized fluid 1nto the third pressure chamber, displacing,
with the third pressurized tluid, the piston plate 1n a second
axial direction opposite the first axial direction, closing the
lock-up clutch, and transmitting the torque to the output
clement via the lock-up clutch.

BRIEF DESCRIPTION OF THE

DRAWINGS

Various embodiments are disclosed, by way of example
only, with reference to the accompanying schematic draw-
ings 1n which corresponding reference symbols indicate
corresponding parts, 1n which:

FIG. 1 15 a cross-sectional view of an example four-pass
torque converter with a lock-up clutch including a non-
integral rivet;

FIG. 2 1s a detail of area 2 1n FIG. 1;

FIG. 3 15 a cross-sectional view of an example four-pass
torque converter with a lock-up clutch including an extruded
rivet;

FIG. 4 1s a circumierentially ofl-set cross-sectional view
of the example four-pass torque converter shown in FIG. 3;

FIG. 5 1s a detail of area 5 1n FIG. 3;

FIG. 6 1s a cross-sectional view of an example three-pass
torque converter with a lock-up clutch including a non-
integral rivet with a through-bore;

FI1G. 7 1s a detail of area 7 1n FIG. 6;

FIG. 8A 1s an axial cross-sectional view of an example
non-integral rivet;

FIG. 8B 1s an axial cross-sectional view of an example
non-integral rivet with two through-bores; and

FIG. 8C 1s an axial cross-sectional view of an example
non-integral rivet with one through-bore.

DETAILED DESCRIPTION

At the outset, i1t should be appreciated that like drawing
numbers on different drawing views identify identical, or
functionally similar, structural elements of the disclosure. It
1s to be understood that the disclosure as claimed 1s not

limited to the disclosed aspects.
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Furthermore, it 1s understood that this disclosure 1s not
limited to the particular methodology, materials and modi-
fications described and as such may, of course, vary. It1s also
understood that the terminology used herein i1s for the
purpose ol describing particular aspects only, and 1s not
intended to limit the scope of the present disclosure.

Unless defined otherwise, all technical and scientific
terms used herein have the same meaming as commonly
understood to one of ordinary skill in the art to which this
disclosure belongs. It should be understood that any meth-
ods, devices, or materials similar or equivalent to those
described herein can be used 1n the practice or testing of the
disclosure.

FIG. 1 1s a cross-sectional view of example four-pass
torque converter 100 with a lock-up clutch including a
non-integral rivet. Stacked plate four-pass torque converter
100 includes: lock-up clutch 102; cover 104 arranged to
receive torque; impeller 106; turbine 108; stator 110; and
rivet 112. Impeller 106 includes impeller shell 114 fixed to
cover 104 and at least one impeller blade 116 fixed to
impeller shell 114. Turbine 108 includes turbine shell 118
and at least one turbine blade 120 fixed to turbine shell 118.
Stator 110 includes at least one stator blade 122 axially
disposed between 1impeller shell 114 and turbine shell 118.
Torque converter 100 1s not limited to a particular number of
non-integral rivets 112.

Lock-up clutch 102 includes: piston plate 124 non-rotat-
ably connected to cover 104; dam plate 126; and centering
plate 128 axially disposed between cover 104 and dam plate
126. Apply pressure chamber 130 is at least partly defined by
cover 104, centering plate 128, and piston plate 124. Release
pressure chamber 132 1s at least partly defined by piston
plate 124, dam plate 126, and centering plate 128. Rivet 112
non-rotatably connects dam plate 126 and centering plate
128. In the example of FIG. 1, dam plate 126 1s free of
contact with centering plate 128.

In the example of FIG. 1, rivet 112 1s non-integral with
respect to dam plate 126 and centering plate 128. By a
component being “non-integral” with respect to one or more
other components, we mean the component: 1s distinct from
the one or more other components; 1s separately formed
from the one or more other components; and 1s placed into
contact with the one or more other components as part of the
assembly of a device including the components. In the
example of FIG. 1, rivet 112 passes through apply pressure
chamber 132.

By “non-rotatably connected” components, we mean that
components are connected so that whenever one of the
components rotates, all the components rotate; and relative
rotation between the components 1s precluded. Radial and/or
axial movement of non-rotatably connected components
with respect to each other i1s possible. Components con-
nected by tabs, gears, teeth, or splines are considered as
non-rotatably connected despite possible lash inherent 1n the
connection. The input and output elements of a closed clutch
are considered non-rotatably connected despite possible slip
in the clutch. The mput and output parts of a vibration
damper, engaged with springs for the vibration damper, are
not considered non-rotatably connected due to the compres-
sion and unwinding of the springs. Without a further modi-
fier, the non-rotatable connection between or among com-
ponents 1s assumed for rotation in any direction. However,
the non-rotatable connection can be limited by use of a
modifier. For example, “non-rotatably connected for rotation
in circumierential direction CD1,” defines the connection
for rotation only in circumiferential direction CD1.
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FIG. 2 1s a detail of area 2 1n FIG. 1. The following should
be viewed 1n light of FIGS. 1 and 2. In the example of FIG.
2, rivet 112 passes through dam plate 126 and centering plate
128. Dam plate 126 includes surface 134 facing centering
plate 128 1n axaal direction AD1, parallel to axis of rotation
AR of torque converter 100. Centering plate 128 includes
surface 136 facing dam plate 126 1n axial direction AD?2,
opposite direction AD1. Rivet 112 includes portion 138
axially disposed between centering plate 128 and dam plate
126. In the example of FI1G. 2, portion 138 is 1n contact with
surfaces 134 and 136 and axially separates dam plate 126
and centering plate 128 by gap 140 i1n direction ADI1.
Straight line L1, 1n axial direction AD2, passes through, 1n
sequence, cover 104, rnvet 112, and turbine shell 118 without
passing through centering plate 128 or dam plate 126. In the
example of FIG. 1, gap 140 1s circumierentially continuous
and has a uniform axial extent in direction AD1.

Dam plate 126 includes surface 142 facing 1n axial
direction AD2 and centering plate 128 includes surface 144
facing 1n axial direction AD1. In the example of FIG. 2, nivet
112 includes: at least one portion 146 1n contact with surface
142 and extending past surface 142 1n direction AD2; and at
least one portion 148 1n contact with surface 144 and
extending past surface 144 1n direction AD1.

Cover 104 defines, 1n axial direction AD1, portion 150 of
chamber 130. Centering plate 126 defines, 1 axial direction
AD2, portion 150. Cover 104 defines, 1n axial direction
AD1, portion 152 of chamber 130, radially outward of
portion 150. Piston plate 124 defines, 1n axial direction AD2,
portion 152.

Centering plate 128 defines, in axial direction ADI,
portion 154 of chamber 132. Dam plate 126 defines, in
direction AD2, portion 154. Piston plate 124 defines, 1n axial
direction ADI1, portion 156 of chamber 132, radially out-
ward of portion 154. Dam plate 126 defines, mn axial
direction AD2, portion 156.

Torque converter 100 includes output eclement 158
arranged to non-rotatably connect to a transmission 1nput
shaft (not shown). In a torque converter mode of torque
converter 100: cover 104 1s arranged to receive rotational
torque; clutch 102 1s open; and the torque 1s transmitted to
output element 158 via impeller 106 and turbine 108. In a
lock-up mode of torque converter 100: cover 104 1s arranged
to receive rotation torque; clutch 102 1s closed; and the
torque 1s transmitted to output element 158 via clutch 102.

In the example of FIG. 1, torque converter 100 includes
torsional vibration damper 160 including: mnput plate 162;
output flange 164 arranged to non-rotatably connect to the
input shait and including output element 158; at least one
spring 166 engaged with mput plate 162 and output flange
164; and cover plate 168 engaged with springs 166 and
non-rotatably connected to input plate 162, for example by
rivets R. In an example embodiment, clutch 102 includes
clutch plate 170 non-rotatably connected to input plate 162,
and reaction plate 172 fixed to cover 104.

In the example of FIG. 1, torque converter 100 includes:
leat springs 174 non-rotatably connecting piston plate 124 to
cover 104; and resilient element 176, for example a Belle-
ville washer. Resilient element 176 1s in contact with dam
plate 126 and piston plate 124 and urges piston plate 124 in
axial direction ADI1. Leatf springs 174 enable piston plate
124 to axially displace with respect to cover 104 while
remaining rotationally fixed to cover 104.

Chambers 130 and 132 are arranged to receive and expel
pressurized tluid to control axial displacement of piston
plate 124. To transition from the torque converter mode to
the lock-up mode: pressurized tluid PF2 1n chamber 132 1s
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drained or expelled from chamber 132 around rivet 112, and
through opening 177 between radially innermost end 178 of
centering plate 128 and radially mnnermost end 180 of dam
plate 126; pressurized fluid PF1 1s pumped 1into chamber 130
through opening 182 between cover 104 and end 178; and
fluid PF1 1n chamber 130 displaces piston plate 124 1n
direction AD2 to close clutch 102 by non-rotatably connect-
ing piston plate 124 and 1nput plate 162 via clutch plate 170.
The torque 1s transmitted: from cover 104, to piston plate
124; from piston plate 124 to input plate 162; and to output
clement 158 via springs 166 and flange 164.

To transition from the lock-up mode to the torque con-
verter mode: pressurized fluid PF1 1s drained or expelled
from chamber 130 through epening 182; pressurized fluid
PF2 1s pumped through opening 177, into portion 154 of
chamber 132, around rivet 112, and into portion 156 of
chamber 132; and fluid PF2 1n chamber 132 displaces piston
plate 124 1n dlreetlen AD1 to open clutch 102 by breaking
the non-rotatable connection of piston plate 124 and input
plate 162 via clutch plate 170.

In the example of FIG. 2: pressure chamber 184 1s defined
at least 1n part by dam plate 126, cover 104, and turbine shell
118; and pressure chamber 186 1s defined by impeller shell
114 and turbine shell 118 and includes torus 188. With the
exception of opening 182, chamber 130 1s sealed from
chambers 132, 184, and 186, for example by seals S1 and
S2. With the exception of opening 177, chamber 132 1s
sealed from chambers 130, 184, and 186, for example by
seals S1 and S3.

Chambers 130, 132, 184, and 186 are each separately and
independently supplied with pressurized fluid via channels
formed at least 1n part by the transmission input shait and by
a stator shait (not shown) connected to stator 110. Chamber
130 1s supplied with flmd PF1 through opening 182. Cham-
ber 132 1s supplied with fluid PF2 through opening 177.
Chamber 184 1s supplied with pressurized fluid PF3 through
opening 190 between end 180 and output element 158.
Chamber 186 1s supply with pressurized tluid PF4 through
opening 192 between turbine shell 118 and stator 110.

The following describes a method of operating torque
converter 100 shown 1n FIGS. 1 and 2. Although the method
1s presented as a sequence of steps for clarity, no order
should be inferred from the sequence unless explicitly
stated. In a lock-up mode: a first step receives, with cover
104, a rotational torque; and a second step transmits the
rotational torque to output element 158 via lock-up clutch
102. To transition to a torque converter mode: a third step
flows pressurized fluid PF2 between plate 126 and plate 128
and through gap 140 into release pressure chamber 132; a
tourth step tlows pressurized tluid PF1 out of apply pressure
chamber 130; a fifth step displaces, with pressurized fluid
PEF2, piston plate 124 1n axial direction ADI1; a sixth step
opens lock-up clutch 102; a seventh step transmits the torque
to output element 158 via impeller 106 and turbine 108. To
transition to the lock-up mode from the torque converter
mode: an eighth step flows pressurized fluid PF2 between
plates 126 and 128 and through gap 140 out of release
pressure chamber 132; and a ninth step flows pressurized
fluud PF1 into apply pressure chamber 130; a tenth step
displaces, with pressurized fluid PF1, plate 126 1n axial
direction AD2; an eleventh step closes lock-up clutch 102;
and a twellth step transmits the torque to output element 158
via lock-up clutch 102.

In the lock-up mode: a thirteenth step flows pressurized
fluid PF3 through pressure chamber 184; and a fourteenth
step tlows pressurized fluid PF4 through pressure chamber
186.
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Flowing pressurized fluid PF2, between plate 126 and
plate 128 and through gap 140, out of release pressure
chamber 132 includes flowing pressurized fluid PF2 around
portion 138 of nivet 112. Flowing pressurized fluid PF2,
between plate 126 and plate 128 and through gap 140, into
release pressure chamber 132 includes flowing pressurized
fluid PF2 around portion 138 of rivet 112. Flowing pressur-
ized fluud PF3 through pressure chamber 184 includes
flowing pressurized tluid PF3 through opening 190 between
plate 126 and output hub 158. Flowing pressurized fluid PF4
through pressure chamber 186 includes tlowing pressurized
fluid PF4 through opening 192 between turbine shell 118
and stator 110.

Rivet 112 of torque converter 100 shown 1n FIGS. 1 and
2 eliminates the need for a weld to non-rotatably connect
dam plate 126 and centering plate 128, which 1n turn
climinates potential problems associated with splatter con-
tamination from the welding. In addition, portion 138 of
rivet 112 creates gap 140. Gap 140 eliminates the need to
form channels between welds to enable pressurized fluid
PEF2 to tlow 1nto and out of release pressure chamber 132.
Thus, 1n the example of FI1G. 1, surface 134 of dam plate 126
and surface 136 of centering plate 128 are substantially
planar shapes, reducing the cost and complexity of fabri-
cating plates 126 and 128.

FIG. 3 1s a radial cross-sectional view of example four-
pass torque converter 100 with lock-up clutch 102 including
an extruded rivet 112.

FIG. 4 1s a circumierentially ofl-set radial cross-sectional
view ol example four-pass torque converter 100 shown in

FIG. 3.

FIG. 5 1s a detail of area 5 1n FIG. 3. The discussion for
FIGS. 1 and 2 1s applicable to FIGS. 3 through 5 except as
noted. In the example of FIG. 3, extruded rivet 112 replaces
separate rivet 112 shown i FIGS. 1 and 2. In the example
of FIG. 3, extruded rivet 112 1s integral to dam plate 126 and
includes portion 194 passing through centering plate 128.
Surfaces 134 and 136 are 1n contact proximate rivet 112.
FIG. 4 shows channel 196: between dam plate 126 and
centering plate 128, connecting portions 154 and 156 of
chamber 132, and circumierentially aligned with rivet 112.
Extruded nivets 112 and channels 196 are interleaved 1n a
circumierential direction. Torque converter 100 1s not lim-
ited to a particular number of extruded rivets 112. In an
example embodiment not shown, rivet 112 1s extruded from
centering plate 128.

To transition from the torque converter mode to the
lock-up mode: pressurized fluid PF1 in chamber 132 is
drained or expelled from portion 156 of chamber 132,
around portions of surfaces 134 and 136 in contact proxi-
mate rivet 112, through portion 154 of chamber 132, and
through opening 177; pressurized fluid PF2 1s pumped into
chamber 130 through opening 182; and fluid PF2 in chamber
130 displaces piston plate 124 1n direction AD2 to close
clutch 102 by non-rotatably connecting piston plate 124 and
input plate 162 via clutch plate 170. The torque 1s transmiut-
ted: from cover 104, to piston plate 124; from piston plate
124 to input plate 162; and to output element 158 via springs
166 and flange 164.

To transition from the lock-up mode to the torque con-
verter mode: pressurized fluid PF1 1s dramned or expelled
from chamber 130 through opening 182; pressurized fluid
PF2 1s pumped through opeming 177, into portion 154 of
chamber 132, around portions of surfaces 134 and 136 1n
contact proximate rivet 112, and into portion 156 of chamber
132; and fluid PF2 in chamber 132 displaces piston plate 124

in direction AD1 to open clutch 102 by breaking the non-
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rotatable connection between piston plate 124 and input
plate 162 (via clutch plate 170). The torque 1s transmitted:
from cover 104, through impeller 106 to turbine shell 118;
from shell 118 to input plate 162; and to output element 158
via springs 166 and flange 164.

The following describes a method of fabricating portions
of torque converter 100 shown in FIGS. 3 through 5.
Although the method 1s presented as a sequence of steps for
clarity, no order should be inferred from the sequence unless
explicitly stated. A first step axially stacks centering plate
128 and piston plate 124 on cover 104. A second step stacks
dam plate 126 on centering plate 128 and piston plate 124 to
form channel 196. A third step extrudes a rivet from dam
plate 126 through centering plate 128 to non-rotatably
connect dam plate 126 to centering plate 128.

Rivet 112 of torque converter 100 shown in FIGS. 3
through 5 eliminates the need for a weld to non-rotatably
connect dam plate 126 and centering plate 128, which in turn
climinates potential problems associated with splatter con-
tamination from the welding.

FIG. 6 1s a radial cross-sectional view of example three-
pass torque converter 200 with a lock-up clutch including a
non-integral rivet with a through-bore.

FI1G. 7 1s a detail of area 7 in FIG. 6. The following should
be viewed 1 light of FIGS. 6 and 7. Torque converter 200
includes: cover 202 arranged to receive rotational torque;
impeller 204; turbine 206; lock up clutch 208; output hub
210 arranged to non-rotatably connect to a transmission
input shaft (not shown). Lock up clutch 208 includes: plate
212; flow plate 214; backing plate 216; and rivet 217.
Impeller 204 includes: impeller shell 218 non-rotatably
connected to cover 202; and at least one impeller blade 220.
Turbine 206 includes: turbine shell 222 non-rotatably con-
nected to hub 210; and at least one turbine blade 224.
Lock-up clutch 208 includes piston plate 226. Apply cham-
ber 228 1s defined, at least, at least 1n part, by plate 212, flow
plate 214, backing plate 216, and piston plate 226. Release
chamber 230 1s defined, at least in part, by cover 202, plate
212, and piston plate 226. Chamber 232 1s defined, at least
in part, by backing plate 216, cover 202, and impeller shell
218. Torque converter 200 1s not limited to a particular
number of non-integral rivets 217.

In the example of FIG. 6, rivet 217: 1s non-integral with
respect to plate 212 and plate 214; and non-rotatably con-
nects plate 212 and plate 214. In the example of FIG. 6, rivet
217 passes through apply chamber 228.

Rivet 217 defines through-bore 234. Line L2, parallel to

axis of rotation AR of torque converter 200, passes through
chamber 228, through-bore 234, and chamber 230 without
passing through plate 212 or plate 214. By a “through-bore”
defined by a component, we mean a passageway wholly
enclosed by the component except at the two opposite ends
of the passageway.

In the example of FIG. 6, rivet 217 passes through plate
212 and plate 214. Plate 214 includes surface 236 facing
plate 212 1n axial direction AD1. Plate 212 includes surtace
238 facing plate 214 1n axial direction AD2. Rivet 217
includes portion 240 axially disposed between plate 212 and
plate 216 and located in pressure chamber 228. In the
example of FIG. 6, portion 240 1s in contact with surfaces
236 and 238 and axially separates plate 212 and plate 214 by
gap 242 1n direction AD1. In the example of FIG. 6, gap 242
1s circumierentially continuous and has a uniform axial
extent 1n direction AD1.

Plate 214 includes surface 244 facing in axial direction
AD2 and plate 212 includes surface 246 facing in axial
direction AD1. In the example of FIG. 6, rivet 217 includes:
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portion 248 in contact with surface 244 and extending past
surface 244 1n direction AD2; and portion 250 in contact
with surface 246 and extending past surface 246 1n direction
ADI1.

Plate 212, nivet 217, and plate 216 define portion 252 of
chamber 228. Piston plate 226, plate 212, rivet 217, plate
214, and plate 216 define portion 254 of chamber 228,
located radially outwardly of portion 252.

Cover 202 defines, 1n axial direction AD1, portion 256 of
chamber 230. Plate 212 defines, in direction AD2, portion
256. Cover 202 defines, 1n axial direction AD1, portion 258
of chamber 230, radially outward of portion 256. Piston
plate 226 defines, 1n axial direction AD2, portion 258.

In a torque converter mode of torque converter 200: cover
202 1s arranged to receive rotation torque; clutch 208 is
open; and the torque 1s transmitted to output hub 210 via
impeller 204 and turbine 206. In a lock-up mode of torque
converter 200: cover 202 1s arranged to receive the rotation
torque; clutch 208 1s closed; and the torque 1s transmitted to
output hub 210 via clutch 208.

In the example of FIG. 6, torque converter 200 includes
stator 260 with at least one stator blade 261; and pendulum
vibration damper 262. Damper 262 includes: mput plate
264; drive plate/retainer plate 266; at least one spring 268
engaged with plate 264 and plate 266; output flange 270
non-rotatably connected to output hub 210; at least one
spring 272 engaged with drive plate 266 and output flange
270; and pendulum damper 274. In an example embodiment,
clutch 208 includes: clutch plate 276 non-rotatably con-
nected to input plate 264; and clutch plate 278 non-rotatably
connected to cover 202.

Chambers 228 and 230 are arranged to receive and expel
pressurized fluid to control axial displacement of piston
plate 226. To transition from the lock-up mode to the torque
converter mode: pressurized fluid PFS in chamber 228 1is
drained or expelled through opening 280 between radially
innermost end 282 of plate 212 and radially innermost end
284 of plate 214; and pressurized fluid PF6 1s pumped
through channel 286, between end 284 and output hub 210,
and through-bore 234 mto chamber 230. Fluiud PF6 1n
chamber 230 displaces piston plate 226 1n direction AD2 to
open clutch 208 by breaking the non-rotatable connection
among piston plate 226, input plate 264, clutch plate 276,
and clutch plate 278. The rotational torque 1s transmitted
from cover 202, and through impeller 204 and turbine shell
222, to output hub 210.

To transition from the torque converter mode to the
lock-up mode: pressurized fluid PF6 in chamber 230 is
drained or expelled through through-bore 234 and channel
286; and fluid PF5 i1s pumped through opening 280 to
portion 252 of chamber 228, gap 242, and portion 254 of
chamber 228. Fluid PFS 1n chamber 228 displaces piston
plate 226 in direction AD1 to close clutch 208 by non-
rotatably connecting piston plate 226, input plate 264, clutch
plate 276, and clutch plate 278. Torque i1s transmitted: from
cover 202, through clutch 208 and damper 262 to flange 270
and output hub 210.

In the example of FIG. 6, pressure chamber 232 1s defined
at least 1n part by plate 216, cover 202, and impeller shell
218. With the exception of opening 280, chamber 228 is
sealed from chambers 230 and 232, for example by seals S4
and S5.

Chambers 228, 230, and 232 are each separately and
independently supplied with pressurized fluid via channels
formed at least 1n part by the transmission input shait and by
a stator shaft (not shown) non-rotatably connected to stator

260. Chamber 228 1s supplied with fluud PF5 through
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opening 280. Chamber 230 i1s supplied with fluud PFé
through channel 286. Chamber 232 i1s supplied with fluid
PF7 through opening 288 between output hub 210 and stator
260.

The following describes a method of operating torque
converter 200 shown 1n FIGS. 6 and 7. Although the method
1s presented as a sequence of steps for clarity, no order
should be inferred from the sequence unless explicitly
stated. In the lock-up mode: a first step recerves, with cover
202, a rotational torque; and a second step transmits the
rotational torque to output element 210 via lock-up clutch
208. To transition from the lock-up mode to the torque
converter mode: a third step flows pressurized fluid PEF6
through channel 286 and through-bore 234 into release
pressure chamber 230; a fourth step flows pressurized fluid
PF5, between plate 212 and plate 214 and through gap 242,
out of apply pressure chamber 228; a fifth step displaces,
with pressurized fluid PF6, piston plate 226 1n axial direction
AD2; a sixth step opens lock-up clutch 208; a seventh step
transmits the torque to output element 210 via impeller 204
and turbine 206. To transition from the torque converter
mode to the lock-up mode: an eighth step tlows pressurized
fluid PF6 out of release pressure chamber 230 and through
through-bore 234 and channel 286; and a ninth step flows,
through opening 280, between plates 212 and 214, and
through gap 242, pressurized fluid PFS into apply pressure
chamber 228; a tenth step displaces, with pressurized fluid
PF5, piston plate 226 in axial direction AD1; an eleventh
step closes lock-up clutch 208; and a tweltth step transmuits
the torque to output element 210 via lock-up clutch 208. In
the lock-up mode: a thirteenth step tlows pressurized tluid
PF7 through pressure chamber 232.

Rivet 217 of torque converter 200 shown 1n FIGS. 6 and
7 eliminates the need for a weld to non-rotatably connect
plate 212 and plate 214, which 1n turn eliminates potential
problems associated with splatter contamination from the
welding. In addition, portion 240 of rivet 217 creates gap
242. Gap 242 climinates the need to form channels, between
welds, to enable pressurized fluid to flow into and out of
apply pressure chamber 228. Thus, 1n the example of FIG.
6, surface 236 of plate 214 and surface 238 of plate 212 are
substantially simple planar shapes, reducing the cost and
complexity of fabricating plates 212 and 214.

FIG. 8A 1s an axial cross-sectional view of an example
non-integral rivet 112. In the example of FIG. 8A, rnivet 112
includes two portions 146 and two portions 148.

FIG. 8B 1s an axial cross-sectional view ol example
non-integral rivet 217 with two through-bores 234. In the
example of FIG. 8B, rivet 217 has two through-bores 234,
two portions 248, and two portions 250.

FIG. 8C 1s an axial cross-sectional view of example
non-integral rivet 217 with one through-bore 234. In the
example of FIG. 8C, rivet 217 has one through-bore 234,
one portion 248, and one portion 250. It 1s understood that
non-integral rivet 217 1s not limited to a particular number
of through-bores 234, portions 240, portions 248, or portions
250.

It will be appreciated that various of the above-disclosed
and other features and functions, or alternatives thereof, may
be desirably combined into many other different systems or
applications. Various presently unforeseen or unanticipated
alternatives, modifications, variations, or improvements
therein may be subsequently made by those skilled in the art
which are also intended to be encompassed by the following,

claims.
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L1 line

.2 line

PF1 pressurized tluid
PF2 pressurized fluid
PF3 pressurized tluid
PF4 pressurized tluid
PF5 pressurized tluid
PF6 pressurized tluid
PF7 pressurized tluid
R nivet

S1 seal

S2 seal

S3 seal

S4 seal

S5 seal

100 torque converter
102 lock-up clutch
104 cover

106 impeller

108 turbine

110 stator

112 nivet

114 impeller shell

116 impeller blade

118 turbine shell

120 turbine blade

122 stator blade

124 piston plate

126 dam plate

128 centering plate

130 apply pressure chamber

132 release pressure chamber

134 surface, dam plate

136 surface, centering plate

138 portion, rivet

140 gap

142 surface, dam plate

144 surface, centering plate

146 portion, rivet

148 portion, rivet

150 portion, apply pressure chamber
152 portion, apply release pressure chamber
154 portion, release pressure chamber
156 portion, release apply pressure chamber
158 output element

160 torsional vibration damper

162 nput plate, damper

164 output flange, damper

166 spring, damper

168 cover plate, damper

170 clutch plate

172 reaction plate

174 leafl spring

176 resilient element

177 opening

178 radially innermost end, centering plate
180 radially innermost end, dam plate
182 opening

184 pressure chamber

186 pressure chamber

188 torus

190 opening

192 opening

194 portion, extruded rivet

196 channel

200 torque converter

202 cover
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204 impeller
206 turbine

208 lock up clutch

210 output hub

212 plate

214 flow plate

216 backing plate

217 nivet

218 impeller shell

220 mmpeller blade

222 turbine shell

224 turbine blade

226 piston plate

228 apply pressure chamber
230 release pressure chamber
232 pressure chamber

234 through-bore

236 surface, plate 216

238 surface, plate 212

240 portion, rivet

242 gap

244 surface, plate 214

246 surface, plate 212

248 portion, rivet

250 portion, rivet

252 portion, chamber 228

254 portion, chamber 228

256 portion, chamber 230

258 portion, chamber 230

260 stator

261 stator blade

262 pendulum vibration damper
264 1nput plate

266 cover plate

268 spring,

270 output flange

2772 spring,

274 pendulum damper

2776 clutch plate

278 clutch plate

280 opening

282 radially innermost end, plate 212
284 radially innermost end, plate 214
286 channel

288 opening

The invention claimed 1s:

1. A torque converter, comprising:

a cover arranged to receive torque;

an 1mpeller including an impeller shell fixed to the cover,
and at least one mmpeller blade fixed to the impeller
shell;

a turbine imncluding a turbine shell, and at least one turbine
blade fixed to the turbine shell;

a stator including at least one stator blade axially disposed
between the impeller shell and the turbine shell; and,

a lock-up clutch including:

a piston plate;

a first plate;

a second plate axially disposed between the cover and
the first plate and on which the piston plate 1is
slidably displaced, the second plate being axially
spaced from the first plate, such that the first plate 1s
free from contact with the second plate; and

a rivet non-rotatably connecting the first plate to the
second plate, the nvet defining a through-bore
extending axially therethrough, wherein:
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the rivet 1s a component distinct from the first plate and
the second plate;
the cover and the piston plate define at least a portion of

a first pressure chamber;
the first plate and the second plate define at least a portion

il

of a second pressure chamber; and,
the first pressure chamber and the second pressure cham-
ber are arranged to receive and expel a fluid to axially
displace the piston plate to open and close the lock-up
clutch.

2. The torque converter of claim 1, wheremn the nivet
includes:

a first portion located 1n the first pressure chamber;

a second portion located in the second pressure chamber;

and

a third portion located external to the first and second

pressure chambers.

3. The torque converter of claim 2, wherein:

the first portion 1s 1n contact with the second plate;

the second portion 1s 1n contact with the first plate and

with the second plate; and

the third portion 1s 1n contact with the first plate.

4. The torque converter of claim 1, wherein the rivet
includes a portion axially disposed between the first plate
and the second plate, the portion being in contact with the
first plate and with the second plate.

5. The torque converter of claim 1, wherein the through-
bore has a first end open to the first pressure chamber.

6. The torque converter of claim 5, wherein the first
pressure chamber 1s arranged to receive a fluid via the
through-bore to control the axial displacement of the piston
plate.

7. The torque converter of claim 1, further comprising a
third plate on which the piston plate 1s slidably displaced, the
third plate defining at least a second portion of the second
pressure chamber.

8. The torque converter of claim 7, wherein the third plate,
the cover, and the impeller shell define at least a portion of
a third pressure chamber.

9. The torque converter of claim 8, wherein, with an
exception of an opening between a radially mnermost end of
the first plate and a radially mmnermost end of the second
plate, the second pressure chamber 1s sealed from the first
pressure chamber and the third pressure chamber.

10. The torque converter of claim 8, wherein the first
pressure chamber 1s arranged to receive a first pressurized
fluid, via the through-bore, to control the axial displacement
of the piston plate.

11. The torque converter of claim 8, wherein the second
pressure chamber 1s arranged to receive, between a radially
innermost end of the first plate and a radially innermost end
of the second plate, a second pressurized fluid to control the
axial displacement of the piston plate.

12. The torque converter of claim 8, wherein the third
pressure chamber 1s arranged to receive a third pressurized
fluid through an opening between the impeller shell and the
turbine shell.

13. The torque converter of claim 7, wherein the first plate
1s connected to the third plate radially outside of the rivet.

14. The torque converter of claim 7, wherein a straight
line, parallel to an axis of rotation of the torque converter,
passes through, 1n sequence, the cover, the rivet, the third
plate, and the turbine shell without passing through the first
plate or the second plate.

15. The torque converter of claim 7, wherein the third
plate 1s free from contact with the rivet and the turbine shell.
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16. The torque converter of claim 7, wherein the rivet
includes:
a first portion located 1n the first pressure chamber and in
contact with the second plate; and
a second portion located 1n the second pressure chamber
and 1n contact with the first plate and the second plate.
17. The torque converter of claim 7, wherein the third
plate and the first plate define at least a portion of a channel,

the through-bore 1s arranged to receive a fluid via the
channel.

18. The torque converter of claim 17, wherein the rivet

includes:

a first portion located 1n the first pressure chamber and in
contact with the second plate;

a second portion located 1n the second pressure chamber
and 1n contact with the first plate and with the second
plate; and

a third portion located 1n the channel and 1n contact with
the first plate.

19. The torque converter of claim 1, wherein the first plate

1s iree from contact with the piston plate.

20. A torque converter, comprising:

a cover arranged to receive torque;

an 1mpeller including an 1mpeller shell fixed to the cover,
and at least one mmpeller blade fixed to the impeller
shell;

a turbine including a turbine shell, and at least one turbine
blade fixed to the turbine shell;
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a stator including at least one stator blade axially disposed
between the impeller shell and the turbine shell; and,
a lock-up clutch including:

a piston plate;

a first plate;

a second plate axially disposed between the cover and
the first plate and on which the piston plate 1is
slidably displaced, the second plate being axially
spaced from the first plate; and

a rivet non-rotatably connecting the first plate to the
second plate, the rivet defining a through-bore
extending axially therethrough, wherein:

the rivet 1s a component distinct from the first plate and
the second plate;

the nvet includes a portion axially disposed between the
first plate and the second plate such that the portion
axially separates the first plate and the second plate, the
portion being 1n contact with the first plate and with the
second plate;

the cover and the piston plate define at least a portion of
a first pressure chamber;

the first plate and the second plate define at least a portion

of a second pressure chamber; and,

the first pressure chamber and the second pressure cham-
ber are arranged to recerve and expel a fluid to axially
displace the piston plate to open and close the lock-up
clutch.
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